SUMMARY This study examined the effect of a warning and of prior instruction on the early components of the cerebral potential produced by stimulation of the left posterior tibial nerve at the ankle. Early components of this potential are dominated by the activity in muscle afferents from the small muscles of the foot. In 50% of presentations, the stimulus to the posterior tibial nerve was preceded by an auditory cue. In some sequences subjects were required to move toes on the left foot immediately the stimulus was detected. Although subjects responded more rapidly to shocks which were preceded by a warning there was no statistically significant effect of the warning on the amplitude or latency of the early components of the muscle afferent cerebral potential. Prior instruction to respond to the stimulus also failed to change the cerebral potentials. This study suggests that the ability to respond more rapidly to "warned" stimuli is due to events "upstream" of the sensorimotor cortex rather than to enhancement of the volley arriving at the cortex.
Instruction to perform a particular movement is associated with changes in the discharge of cells in the sensorimotor cortex' and changes in the bias of short-latency spinal reflexes.25 Thus there is evidence that prior instruction may alter the inputoutput relation not only of spinal motoneurons but also of corticospinal neurons which project to them. In addition, longer latency reflex responses to stretch of muscles in the upper limb can be preset according to whether the subject is instructed to resist or relax prior to the perturbation.26-9 Such reflexes may involve a transcortical path0-1'3 although this is debated."4-6 Warning about the presence of a stimulus can reduce reaction time and potentiate proprioceptive reflexes;59 17 18 this is mediated through central mechanisms other than activation of gamma motoneurons. 5 Psychophysical studies have shown that afferents from muscle can provide sensations of movement and position'920 (for reviews see refs 21, 22 ). Shortlatency cerebral potentials have been produced by muscle stretch, tendon percussion and electrical stimulation of muscle afferents in the lower limb of human subjects. [23] [24] [25] These studies have also shown that, in normal subjects, the early components of the cerebral potential produced by percutaneous stimulation of the posterior tibial nerve at the ankle probably reflect activity exclusively in muscle afferents. There may be no contribution from cutaneous afferents, not only because of their lower peripheral conduction velocity, but because their central action can be gated out by muscle afferents. 25 The purpose of the present study was to determine whether the cerebral potential produced by stimulation of muscle afferents in the lower limb is altered by prior instruction or by anticipation. If preparation for a motor act enhances the effectiveness of central transmission of impulses from a relevant group of muscle afferents then the size of the muscle afferent potential might be expected to increase. Certainly during detection of liminal cutaneous stimuli to the fingers cerebral blood flow to the "hand area" increases26 and a facilitatory convergence between cutaneous afferents from adjacent fingers occurs.27 430 Cerebral potentials from muscle afferents Throughout this study the size of cerebral potentials produced by electrical stimulation of the posterior tibial nerve has been about half maximal; this corresponds to a muscle afferent volley in the peripheral nerve of about one tenth of its maximum.28 This important methodological point ensures that the experiment was conducted on the steep, rather than the flat, insensitive part of the input-output relation for the projection of muscle afferents to the cortex.
Methods
Data were obtained in 15 experiments performed on six healthy adult subjects. Apart from two of the authors who participated in the study the subjects were unaware of the hypotheses under examination. Subjects were seated comfortably in a chair with the neck supported on pillows. During experimental runs (see below) the subjects viewed an oscilloscope placed below eye level. Cerebral potentials were recorded to stimulation of the left posterior tibial nerve in 11 experiments and to stimulation of the digital nerves of the left hallux in a further four experiments. Stimuli to the posterior tibial nerve were delivered through subdermal needle electrodes overlying the nerve at the ankle. Similar electrodes were used for stimulation of the digital nerves of the hallux. The stimuli were square-wave pulses of 0-2 ms duration. Unless otherwise stated the level of stimulation was adjusted so that it produced a cerebral potential which was about half the size of that produced by maximal tolerable stimulation. This ensured that the size of the cerebral potential had not "saturated".28 For the posterior tibial nerve the required stimulus level was usually near that which produced a liminal twitch of the intrinsic muscles of the foot. Cerebral activity was recorded using stainless-steel needle electrodes inserted subdermally at the vertex, with a forehead reference. The cranial reference was chosen to reduce the contribution from extracranial and subcortical midline structures. 23 29-32 The activity was amplified (gain 100 000) and filtered with bandwidth of either [1] [2] [3] [4] [5] [6] Hz-1-6 kHz or 8Hz-800 Hz depending on recording conditions. To determine the appropriate stimulus level, the responses to different levels of stimulation were averaged over 100 ms using a fixed-programme averager with an artefact rejection facility. The sampling rate was 5 kHz. Either 256 or 512 repetitions were averaged at a stimulus rate of 2 Hz. During the subsequent experiment, analysis of data was performed on-line by a microprocessor which also controlled the experimental sequence (see below). It had an artefact rejection facility and a sampling rate of 3-9 kHz. Latencies were measured with the aid of a cursor. In some experiments the afferent volley was monitored at the popliteal fossa with surface electrodes as described previously.28
In the initial eleven experiments the effect of warning (anticipation) on the cerebral potential produced by stimulation of the posterior tibial nerve was studied. In the first part of these experiments some stimuli to the posterior tibial nerve were preceded by a warning click delivered through headphones ("warning-stimulus-response") and some were not ("stimulus-response"). This is referred to as 431 sequence A. The overall cycle period was varied unpredictably from 1-5 to 3-5 s and the order of stimuli with and without warning was randomised. The interval between the warning and the stimulus was one second, as used in other studies.5 Subjects were instructed to relax the foot and to use the click as a signal that a shock would follow a second later. Subjects were asked to respond immediately they felt a shock with a small but rapid flexion movement of the toes. This response involved the muscles innervated by the stimulated nerve (including abductor hallucis). The latency of the response was recorded either with surface electrodes over the tendon and motor point of abductor hallucis or with a small accelerometer strapped to the hallux. Subjects were given visual feedback of their performance and practised the paradigm for several minutes prior to data collection. Data were collected during sequences of 4 minutes with rest intervals of 2-3 minutes between sequences. During the sequence the experimenter monitored the motor response of the subject on a second oscilloscope. This allowed the latency of voluntary electromyographic activity (EMG) in abductor hallucis to be determined. In two subjects with prominent H reflexes to posterior tibial nerve stimulation, the direct motor response (M wave), H reflex and voluntary activity were measured by rectification and integration of the EMG of abductor hallucis (time constant 0-2 s). In the first six experiments (in four subjects) 250-300 responses to posterior tibial nerve stimulation, with and without warning were recorded. The effect of warning was determined by comparison of the cerebral response produced when an auditory cue preceded the stimulus with that produced when there was no cue (sequence A). Control experiments showed that there was no discernible long-latency auditory potential which occurred between 1-0 and 1-1 s after the click and which would have been superimposed on the posterior tibial cerebral potential. In the second part of these six experiments the same procedure was repeated except that the subject relaxed and was not required to respond to the stimuli to the posterior tibial nerve (sequence B). The effect of prior instruction was determined by comparison of cerebral responses during the second part of the experiment in which subjects relaxed with those produced in the first in which subjects responded to the stimuli. Because of the lengthy experiments required to collect the data for both sequences, only sequence A was used in the subsequent five experiments. In these five experiments more repetitions were averaged (500-600) to define the cerebral potentials.
In a further series of experiments in four subjects the effects of these manoeuvres on a cutaneous cerebral potential (produced by stimulation of the digital nerves of the hallux through needle electrodes) were contrasted with those on a muscle afferent cerebral potential (produced by stimulation of the posterior tibial nerve, as above) on the same day. The effects of a warning stimulus were studied in three experiments. In one the effect of prior instruction was also studied. As in the previous experiments the levels of stimulation were adjusted so that the cerebral potentials were half their maximal size. In two subjects the cutaneous study preceded the muscle afferent study and in the other two the order was reversed. Measurements were made of the amplitudes of the first positive deflection (onset to P1) and of the first positive-negative deflection (P1-Ni).
4Gandevia, McKeon, Burke Results
As a major purpose of this study was to determine whether warning about the imminent occurrence of a stimulus altered the short-latency cerebral potential produced by the stimulus it was important to know whether the warning resulted in potentiation of the subjects' motor response to the stimulus. In all subjects reaction times following stimuli to the posterior tibial nerve for which there was no warning were consistently longer than those for which there was a warning. The range of reaction times varied between subjects (160-200 ms for unwarned stimuli and 135-170 ms for warned stimuli), but there was an average reduction of about 20 ms when warning occurred (range: 15-40 ms). Thus the subjects' ability to respond rapidly to the stimuli was improved by the warning. A further index of subjects' anticipation of the stimuli was that they responded prematurely (before the stimulus) on about 1% of presentations.
In two subjects it was also possible to examine changes in the excitability of spinal reflexes as the stimuli to the posterior tibial nerve at the ankle produced distinct H reflexes in abductor hallucis. There were no significant changes in the size of the H reflex when the stimulus was associated with a warning (fig  1, above) . There was also no correlation between the size of the H reflex and the latency of the voluntary response of abductor hallucis: large H reflexes were often associated with long reaction times and vice versa (fig 1, below) .
The onset of cerebral activity after the posterior tibial nerve stimuli occurred at an average 34*2 ms (range: 32-0-36-7 ms); the first positive deflection at 39-8 ms (37- Potentials preceded by a warning are labelled "w".
the weak stimulus the amplitude of the peripheral nerve volley was 10% that during maximal stimulation (fig 4) , but there was no enhancement of the early components of the cerebral potential which might have been expected had transmission of the muscle afferent volley been enhanced by warning.
Similar findings emerged when the results of the first part of the experiment, in which the subject responded with a toe movement when he felt the posterior tibial nerve stimulus, were compared with those in the second part of the experiment in which he was instructed not to respond to the stimulus. Onset-Pt and P1-Ni amplitudes were not significantly or consistently altered by the prior instruction to respond (fig 2) . Again, in the sequences in which the subject relaxed and did not respond to the stimuli, warning did not significantly alter the size of the control cerebral potentials (sequence B; see Methods).
To see whether a cutaneous potential was more modifiable than a muscle afferent potential, experiments were performed with stimuli to the digital nerves of the hallux and, separately, with stimuli to the posterior tibial nerve at the ankle in four subjects. There was no qualitative difference between the behaviour of the early components of the cutaneous and muscle cerebral potentials in the experimental sequences. Discussion The present study suggests that the overall input to the cerebral cortex from muscle afferents is not functionally enhanced by providing subjects with a warning that a stimulus is about to occur or by requiring subjects to respond with a movement when the stimulus is perceived. Only the early components of the cerebral potential produced by stimulation of the posterior tibial nerve were measured because these components (particularly onset-Pl) are believed to represent activity associated with the projection of afferents to the cortical "leg Given these reservations, we assume, in subsequent discussion, that anticipation and prior instruction produce no overall change in the size of the afferent volley reaching cortex.
The consistent reduction in reaction time in the warned trials indicates that the subject was anticipating the imperative stimulus even if there was no enhancement of the muscle or cutaneous projection set up by the stimulus. This is consistent with the finding in the monkey that few primary somatosensory cortical cells display enhanced responsiveness during attentive behaviour.35 There was no correlation between the size of the H reflex of the responding muscle and the reaction time. It seems reasonable to conclude then that anticipation and prior instruction alter the motor programme at a local cerebral level "upstream" of the arrival of the affer-ent volley. The fact that changes in spinal reflex excitability can be dissociated from the reaction time suggests that attention (or anticipation) cannot be viewed as a unitary process, even under strict experimental conditions.36 If the muscle afferent cortical potential reflects the afferent limb of a transcortical reflex then it can be suggested that changes in the gain of the reflex as a result of "set" are not due to changes in afferent transmission.
As judged by changes in short-latency cerebral potentials many reports have demonstrated inhibitory or occlusive interactions between different afferent inputs25 273738 or during active and passive movement.384' Many of these findings could be due to the use of relatively strong stimuli as discussed elsewhere.28 However, as indicated above, the scalp-recorded cortical potential represents the average response of many cortical neurons rather than the response of a discrete group of neurons. As a result surrounding inhibition produced by one afferent volley could mask localised facilitatory activity produced by another.
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